The protein constituents of the cerebrospinal fluid (CSF) from 234 patients with central nervous system mass lesions and nine patients with pseudotumor syndrome were analyzed by cellulose acetate electrophoresis. The alpha 2 and gamma globulin fractions were most frequently elevated, and more so with metastatic and malignant glial tumors than with benign tumors. Elevation of either fraction frequently occurred independent of the total protein content of the CSF and appears to indicate a primary parenchymal involvement of the brain. Gamma globulin elevations in patients with benign glial tumors were often associated with intracerebral cyst formation. Pituitary adenomas were not associated with elevation of the gamma globulin fraction whereas this was a common finding with other parasellar lesions. All CSF specimens associated with masses of infectious origin had markedly elevated gamma globulin levels irrespective of normal total protein levels. Two metastatic tumors from the gastrointestinal tract, a solitary plasmacytoma, and a case of increased intracranial pressure secondary to nalidixic acid therapy showed dramatic and specific increases in certain CSF protein fractions. The origin of the various protein fractions is discussed as well as the overall clinical applicability of CSF protein electrophoresis in patients with intracranial mass lesions.
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eerebrospinal fluid lesions pseudotumor syndrome eleetrophoresis intracranial mass spinal fluid protein C EREBROSPINAL FLUID (CSF) electrophoresis has been found to be important in establishing the diagnosis of certain neurological diseases such as multiple sclerosis, degenerative central nervous system disorders, and various types of acute and chronic infectious processes. 28 The total CSF protein content has long been of value to the clinician concerned about the possibility of an intracranial or intraspinal mass lesion, but the value of determining the various protein fractions of the CSF has not been well established. Early reports conflicted and many series were small? 1,12,8~
More recently, several reports have indicated that the CSF protein fraction changes are variable and largely nonspecific in patients with intracranial mass lesions. 7, 8, 12, 15 The purpose of this study was to analyze the CSF protein fractions in a large group of patients with intracranial mass lesions and to evaluate the diagnostic significance of the findings.
Materials and Methods
Cerebrospinal fluids were collected at pneumoencephalography or as the first sampie of CSF removed from the lumbar punc-ture drainage needle at the time of operation in 234 patients with subsequently verified intracranial mass lesions. The fresh spinal fluid was filtered through a 5 ~ Millipore filter to remove the cells and was then frozen at -15~ until concentration was carried out. Any fluid even slightly blood-tinged was discarded.
Concentration of the CSF proteins was performed by ultrafiltration through colloidion bags? 6 Molecules of 25,000 tool wgt or greater are retained by these bags. A vacuum of 500 mm Hg was applied to the bag, with Ringers solution occupying the flask surrounding the colloidion bag.
The Beckman Model 101 Microzone Electrophoretic cell and B-2 (pH 8.6) Buffer were used in association with a Beckman RD-2 Duostat as a power source. The RB analytrol with a microzone attachment was used for the densitometric determination of the various fractions. The reagents used and procedures performed were essentially as outlined in the manufacturer's manual.
The normal cellulose acetate electrophoretogram (EPG) appears in Fig. 1 . Six and sometimes seven fractions can be identified. Due to the inconstancy of the beta 2 globulin fraction, the beta globulin fraction will be mentioned throughout this paper as the sum of the beta 1 and beta 2 fractions. A rigidly fixed method of marking the protein fraction separations was followed.
All values of the various protein fractions discussed in this paper will be reported as a percentage of the total protein in the particular cerebrospinal fluid examined. Unless otherwise stated, the tumors under discussion have all been diagnosed from permanent histological sections.
Results
Among the 234 patients with mass lesions, 46% showed increases in CSF alpha 2 globulin, 36% in gamma globulin, 11% in beta globulin, and 10% in alpha 1 globulin. In this study as well as others 12,z8 the prealbumin and albumin fractions decreased in compensatory fashion as the other CSF fractions increased. Therefore, the decreases seen in these two fractions will not be elaborated upon when each specific tumor type is discussed. Decreases in the globulin fractions have not been found significant, and will not Emil Lee Weber be discussed further. The findings are summarized in Table 1 -3.
Metastatic Lesions
Two metastatic tumors were of entodermal origin, and the CSF showed marked elevations of alpha 1 globulin (12.0% and 10.7% ) (Fig. 2) ; one patient had a gastric carcinoma, the other a tumor of the colon. The one patient with meningeal carcinomatosis and an abnormal CSF EPG may have an intracerebral mass lesion since he has a left-sided dystaxia and the right cerebral electroencephalographic (EEG) slowing.
Glial Tumors
The ependymoma and two of the three astrocytomas having increases in gamma globulin were all lesions containing large cysts. One of the astrocytomas with an increase in gamma globulin was in the spinal cord and was associated with a partial CSF block. Except in one case the tumors of the brain stem were not verified histologically.
Sellar and Parasellar Lesions
From the operative descriptions it appears that the larger pituitary adenomas were the z , lb. ones associated with the elevations in alpha 2 globulin.
Pineal Tumors
One of the patients having a pinealoma had a normal CSF EPG prior to treatment with I2,500 rads. Following therapy she developed left parietal neurological signs, and a brain scan became positive in that area. The CSF EPG demonstrated a marked rise in gamma globulin as well as a lesser rise in alpha 2 globulin. On exploration of the parietal lobe only necrotic brain tissue was found. This was assumed to be secondary to the radiation. (These tumors were diagnosed by CSF cytology and location only. )
Sarcomas
The CSF from the patient with the plasmacytoma demonstrated a massive monoclonal gamma globulin spike (Fig. 3) . The serum which was analyzed 6 days following surgery revealed only a faint trace of this protein (Fig. 4) , and the urine examined at that time did not contain Bence-Jones protein. Further immunoelectrophoretic analysis of these fluids revealed both IgG-kappa and free Bence-Jones kappa-type light chain protein in the CSF, but only IgG-kappa was found in the serum.
Pseudotumor Syndrome
The pseudotumor syndrome in the group with an increase in beta globulin was seen in a 5-year-old girl and was secondary to nalidixic acid therapy. A massive increase (32%) in beta globulin was found (Fig. 5) .
CSF EPG and Total Protein Correlation
Eighty-five of the above patients with CNS mass lesions had total protein determinations, and 37 of these were elevated above 60 mg%. There were 23 cases in which the total protein content of the CSF was normal, but the CSF EPG revealed elevation of alpha 2 or gamma globulin. However, there were 10 cases in which the total protein content was elevated, but the CSF EPG revealed normal protein fraction percentages. 
Discussion
As others have reported the total protein content of the CSF does not bear a significant relationship to the findings of the CSF electrophoretogram (EPG). 1r,19,~7 Normal total protein determinations have been found in association with abnormal CSF electrophoretograms and vice versa. These two tests appear to be complementary rather than confirmatory. The elevations in the alpha 1 and beta globulins generally were infrequent and slight. The regular decreases in beta globulin with cerebral tumors reported by Bartko, et ai., 6 were not found. Malignant glial and metastatic tumors elevated the alpha 2 and gamma globulin fractions more often, either together or separately, than benign lesions. However, many space-occupying but non-neoplastic intracranial mass lesions also were associated with elevation of these protein fractions. For most intracranial mass lesions the changes in the CSF protein fractions are variable and nonspecific. 1~ However, conclusions can be drawn which may be helpful in differential diagnosis. Much of the following discussion concerns these conclusions.
All mass lesions secondary to infectious processes were associated with elevations of the CSF gamma globulin fraction even in the presence of a normal total protein content. As with tumors, however, the alpha 2 globulin fraction may also be elevated.
Metastatic intracranial tumors were most frequently associated with abnormalities in the CSF electrophoretogram; the alpha 2 or f al AIb Preolb. gamma globulin fractions were elevated in 78% cases. On the other hand, only one of the eight patients with meningeal carcinomatosis had an abnormal EPG. This suggests that parenchymal involvement of the brain with tumor seems necessary for alpha 2 and gamma globulin elevations to occur. The mere presence of neoplastic cells in the meninges and CSF pathways does not appear to produce these alterations even though the total protein content of the CSF may be markedly elevated. The markedly elevated alpha 1 globulin levels in the CSF of two patients with lesions metastatic from the gastrointestinal tract were particularly interesting. In the past few years special substances have been found in the serum of patients with tumors of entodermal origin. Abelev, et al., 1,2 and Alpert, et al./have reported a circulating alpha 1 globulin in association with both murine and human hepatomas; this fraction is a normal constituent of fetal liver, but is absent from normal adult blood. Von Kleist and Burtin 34 have isolated an antigen from colonic and gastric tumors that is not present in normal adult colon or gastric mucosa; this antigen shows both a beta and alpha electrophoretic mobility. Gold, et al./~ have described a similar carcinoembryonic antigen found on the cell surface of entodermally derived tumors as well a fetal gut and gut derived tissues. These findings in conjunction with those of this report suggest that an elevated CSF alpha 1 globulin may have diagnostic significance in regard to gastrointestinal cancer.
The glial tumors appear to affect the alpha 2 and gamma globulin fractions in the same fashion as metastatic tumors. In contrast with the findings of Cankov, et al., ~-in our study the gamma globulin fraction was frequently elevated in association with the more malignant lesions. The cerebral astrocytomas and ependymomas do not appear to elevate the gamma globulin fraction unless associated with large cysts. This may be of some clinical importance in trying to differentiate whether symptoms are from recurrent tumor invasion or from intracerebral cyst formation in relation to residual tumor. However, in this setting an increase in the gamma globulin could also mean malignant degeneration of a previously benign lesion.
The noncystic ependymomas and closely related choroid plexus papillomas all had normal EPG's regardless of the degree of malignancy or location of the tumor. These normal findings were in marked contrast to those in other petrous angle lesions such as acoustic neurinomas, meningiomas, and cholesteatomas, which frequently showed alpha 2 as well as gamma globulin elevations.
The CSF eleetrophoretogram may be useful in the differential diagnosis of sellar and parasellar lesions. No pituitary adenoma in this series of 21 was associated with a gamma globulin elevation. This is in contrast to other lesions that occur in this area such as craniopharyngiomas, hypothalamic gliomas, ectopic pinealomas, and meningiomas which frequently had elevated gamma globulin. The degree of extension of a pituitary adenoma can also be estimated by the alpha 2 globulin fraction as well as the total CSF protein content 5 since both tend to be elevated with larger lesions.
Although solitary plasmacytomas are rare intracranially as well as in other locations of the body, 1~ their occurrence should be kept in mind when any lytic skull lesion is found. The fact that the Bence-Jones kappatype light chain protein was found in the CSF can perhaps be attributed to a "harboring" effect of this small molecular weight protein in the subarachnoid space as well as to the well-recognized rapid clearing of this protein from the serum by the kidney. Other investigators have also found abnormal protein elements in the CSF of myeloma patients which could not be found in the serum. 18,3~ The proposed harboring effect of this small protein in the CSF is substantiated by the fact that the pre-albumin fraction normally found in the CSF contains molecules of the 30,000 molecular weight size, but these small molecules cannot be identified in the serum except by special techniques, and then only in small quantities. 28 The added dilutional effect of the proteins in the serum in this case made the abnormal protein difficult to detect whereas the abnormality in the CSF on routine EPG analysis was clear. It appears that electrophoretic analysis of the CSF should be performed in patients with suspected but not otherwise provable myeloma both because of this suggested tendency for smaller proteins to remain in the CSF, and because the dilutional effect of the normal serum proteins may cover up the abnormal elements.
Radiation therapy has been proven to be quite effective in the treatment of solitary plasmacytomas? ~,29 It seems that a preoperative CSF electrophoretogram should be carried out in patients with lytic lesions of the skull to prevent unjustified wide surgical resection.
The EPG demonstrating a massive increase in beta globulin (32%) in the patient with elevated intracranial pressure due to nalidixic acid suggests a different mechanism for this response than from the other cases of pseudotumor syndrome. LowenthaF s has commented on the stability of this fraction and has rarely noted an increa:e in it. Of some concern is the fact that the beta globulins take their origin from neural elements rather than blood, :3 and elevations have been demonstrated largely in patients with degenerative disorders.9,~, 3~ Fortunately, this syndrome seems reversible ~ when nalidixic acid is withdrawn; studies are presently being undertaken to determine its effect on other CNS metabolic functions.
Elevations of CSF alpha 2 and gamma globulin protein fractions have also been demonstrated with radiation necrosis of the brain. Thus, evaluation of tumor progression by this method would not be reliable in patients receiving radiation treatments. The temporal sequence and extent of protein fraction changes from radiation treatment remain unknown.
It is now proven that CSF proteins originate from the intracranial elements as well as from the serum. 7,1~,17,~,3~ Individual protein fractions in the alpha 2 band have been identified in serum, normal brain, and glioblastoma multiforme tissue?7, 2~ Although, there are specific proteins associated with some tumors in this band, the elevation of this fraction seen with subdural hematomas and cysts in the brain substantiate the nonspecificity of this fraction when taken as a whole. As Dencker, et al., 1~ pointed out, elevations of this fraction can probably be at least partially ascribed to normal brain tissue destruction regardless of cause.
The abnormal gamma globulin seen in the CSF from the solitary plasmacytoma probably was produced by the tumor; this also appears to be the most likely explanation for the origin of the alpha 1 globulin in the CSF from the patients with gastrointestinal lesions. Other non-neoplastic disorders have also been shown to have CSF gamma globulin fractions originating independent of the serum gamma globulin. : 9 Some investigators have found that the location of the mass lesion in relation to the CSF pathways is significant in regard to the changes in the protein fraction spectrum; 11,12,~z like Bartko, et aI., 6 we could not substantiate this.
A point to be kept in mind is that some tumors will elicit an isolated elevation of the gamma globulin fraction which is identical with that seen in patients with multiple sclerosis.
It is not the purpose of this paper to advo: cate routine lumbar puncture in patients with suspected intracranial mass lesions. Nevertheless, the CSF from these patients is frequently analyzed when other disease processes are suspected, and the findings need to be known. The specific findings in the CSF electrophoretogram that have been demonstrated with solitary plasmacytoma, metastatic gastrointestinal carcinoma, and pseudotumor syndrome from nalidixic acid may prove extremely valuable.
